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(54) Organic luminescence device and process for production thereof 



(57) An organic luminescence device capable of lu* 
minescence at a high efficiency, a high luminance and 

high durability is fonmed by a pair of electrodes compris- 
ing an anode and a cathode, and at least one organic 



layer disposed between the electrodes. The at least one 
organic layer Includes at least one layer comprising a 
polymerized film of organic layer having at least two po- 
lymerizable double bonds. 
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rnnfti, Th« nms^nt invention relates to an organic (electm-)lum^^^ devlcahaving a film of organic compound 
and 4.885^11. „itha fluorescent oraante compound, It Is possible to effect luminescence over 

of wide applications . „ . luminescence devices are stil required to effect light output (emission) 

SUMMARY OF T HE INVErfTlON 

1001 01 in view of the above-mentioned state of art. an object of the present Invention is to provide an organic lumi- 
having at least two polymerizable double bonds. 
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[0014] According to anoth r aspect of the present invention, th re Is pr vid d a process for producing an organic 
luminesc need viceof thetypeconnprisingapairof el ctrodes comprising an an deandacathod , and at least one 
organic layer disposed between the electrodes, said process conprlslng: 

a step f forming a film f rganic compound having at I asttwopolymerlzable double bonds by application of a 
s iution of the organic compound having at least two polymerizable double bonds, and 
a step of curing the film by in-adiatlng the film with actinic light, heat or electron ray to polymeiize the organic 
compound, thereby providing at least one of said at least one organic layer. 

[0015] As is understood from Examples and Comparative Example described hereinafter, the organic luminescence 
device of the present invention Including a polymerized film of organic compound having at least two polymerizable 
double bonds exhibits luminescence of a high luminance at a low applied voltage and also excellent durability. The 
polymerized film can be formed through a wet coating process, thus allowing easy production of a large-area device 
relatively Inexpensively. 

[0016] These and other objects, features and advantages of the present Invention wilt become more apparent upon 
a consideration of the following description of the prefen^ed embodiments of the present Invention taken in conjunction 
with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWING 

[0017] Rgures 1 to 3 are schematic sectional views each Illustrating a basic structure of an organic luminescence 
device according to an embodiment of the present Invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[001 8] The organic luminescence device of the present Invention comprises a pair of electrodes comprising an anode 
and a cathode, and at least one organic layer disposed between the electrodes, wherein said at least one organic layer 
Includes at least one layer comprising a polymerized film of organic compound having at leasttwo polymerizable double 
bonds. 

[0019] The polymerizable double bond may preferably be a caibon-to*carbon double bond, prefeaed examples of 
which may include: optionally substituted (i.e., substituted or unsubstttuted) vinyl group, and optionally substituted (I. 
e., substituted or unsubstituted) (meth)acryiate ester groups (i.e. , acryiate ester group and methacrylate ester group). 
[0020] The organic compound having at least to polymerizable double bonds can be ennbodied as any of a hole- 
transporting compound, an electron-transporting compound and a luminescent compound. Each functional compound 
can additionally have another function. 

[0021] For providing a hole-transporting having at least two polymerizable double bonds, such at least two polym- 
erizable double bonds may be introduced to a hole-transporting compound examples of which may Include: triarylamine 
derivatives, tetraarylbiphenyldjamlne derWatfves, stilbene-based arylamlne derivatives and ollgo-thlophene deriva- 
tives. 

[0022] For providing an electron-transporting having at least two polymerizable double bonds, such at least two 
polymerizable double bonds may be introduced to an electron-transporting compound, examples of which may Include: 
phenylenevlnyiene derivatives, benzoxazole derivatives, oxadlazole derivatives, thiadlazole derivatives, polyphe- 
nylene derivatives, pyridine derivatives, pyrazone derivatives, azomethin derivatives, fiuorenone derivatives, fluore- 
nylldene derivatives and perylene derivatives. 

[0023] For providing a luminescent compound having at least two polymerizable double bonds, such at least two 
polymerizable double bonds may be Introduced to a luminescent compound, examples of which nnay Include: phenyle- 
nevlnyiene derivatives, condensed polycycllc aromatic derivatives, ollgo-arylene derivath^es, sliole derivatives, 
quinacridone derivatives, stilbene derivath^es, coumarin derivatives, pyran derivatives, benzopyran derivatives, oxa- 
zoline derivatives, porphyrin derivatives, pyrazlne derivatives, organometalllc complexes and perylene derivatives. 
[0024] The polymerized film of such an organic compound having at least two polymerizable double bonds may be 
fomned by oncefomiing afilm of the organic compound through a dry film^ormlng process or a wet film-forming process 
and then curing the film by polymerizing the organic compound. 

[002S] By providing a functional organic compound having a hole-transporting function, an electron-transporting func- 
tion or/and a luminescent function per se with plural polymerizable double bonds, forming a film of the organic compound 
in its monomer state or oligomer state and then curing the film by promotingthe polymerization of the organic compound, 
it becomes possible to obviate the agglomeration or crystallization of the organic compound molecules, thus providing 
av ry stable and durable functi nai film suitable f r constituting an rganic luminescence device. 
[0026] Examples of the dry film-fbnning process may include: physical vapor deposition processes such as vacuum 
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deposition, Ion plating, and molecular beam epitaxial growth; and chemical vapor deposition processes such as plasma 
polymerization, examples of the wet film-fonming proc ss may include: coating as by casting and spin coating, dipping, 
LB (Langmuir-Blodgett) t chnlque, printing, and Ink-J ttlng. 

[00271 Among th above, the wet film-fonmlng process Is preferred, and particularly the coating, printing and Ink 
5 letting are preferred. 

[0028] The curing of the organic compound film by polymerization may be accelerated by irradiation with actinic light, 
heat or electron ray (or beam). In the case of the photo- orthemial-poiymerlzatlbn, It Is possible to use an appropriate 
polymerization Initiator. ...... 

[00291 "The organic compound layer may be fonned In a thtekness of at most 1 0 tim, preferably at most 0.6 jun. more 

10 preferably 0.01 -0.5 Jim. . . ^..u 

[0030] Herelnbelow, some example structures of organic luminescence device of the present Invention will be de- 
scribed with reference to the drawing. Thus, refening to the drawing, the organic layer constituting the organic lumi- 
nescence device of the present Invention may have a single-layer structure as shown In Figure 1 or a laminate structure 
of two or more layers as shown in Figures 2 and 3. 

IS [0031] l^ore specifically, Figure 1 is a schematic sectional view illustrating an embodiment of the organic lumines- 
cence device of the present Invention. Ref enring to Figure 1 . the organte luminescence device Includes a substrate 1 , 
and an anode 2, a luminescence layer 3 and a cathode disposed In this order on the substrate 1 so as to f omri a laminate 
structure. The luminescence layer 3 may comprise a single species of luminescent material exhibiting a hole-trans- 
porting f unrtton. an electron-transporting function and a luminescence function In combination or a mixture of plural 

20 compounds exhibiting these functions, respectively. 

[0032] Figure 2 Is a sectional view showing a laminate structure of another embodiment of the organic luminescence 
device. Referring to Figure 2, the organic luminescence devtee Includes a substrate 1, and an anode 2, a hole-trans- 
porting layers, an electron-transporting layer 6 and a cathode 4 disposed successively in this order on the substrate 
1 so as to forni a laminate structure, either one or both of the hole-transporting layer 5 and the electron-transporting 

25 layer 6 may contain a luminescent material also having a hole-transporting function and/or an electron-transporting 
function, respectively, for constituting a luminescence layer 3 in combination. One of the layers 6 and 5 may contain 
a material having no luminescent function but having a good electron-transporting or hole-transporting function. 
[0033] Figure 3 is a sectional view showing still another embodiment of the organte luminescence device of the 
present Invention. Referring to Figure 3, the organic luminescence device includes a substrate 1 , and an anode 2. a 

so hole-transporting layer 5, a luminescence layer 3, an electron-transporting layer 6 and a cathode 4 disposed succes- 
sively in this order on the substrate 1 to fomi a laminate structure, in this embodiment, the can-ler transporting functions 
and the luminescent function of the organic compound layer are separated and assigned to the respective layers. Each 
of the hole-transporting layer 5, the luminescence layer 3 and the electron-transporting layer 6 may contain a single 
species or plural species of compounds showing respectively expected functions so as to exhibit desired perfo nnances. 

35 More specifically, In the case of using plural species of compounds in combination, a lot of latitude is provided in 
selection of materials for each layer, and various compounds having different emission wavelengths can be used to 
provide a variety of luminescence hues. Further, as the canlers and excltons are effectively confined in the central 
luminescence layer 3, It Is possible to Increase the luminescence efftelency. 

[0034] in any of the embodiments of Figures 1 - 3, each of the hole-transporting layer 5, the luminescence layer 3 
40 and the electron-transporting layer 6 may have a thickness of 5 nm - 1 jun, preferably 1 0 - 500 nm. 

[0035] It is to be underetood howeverthat Rgures 1 - 3 described above merely show basic stmctures of the organic 
luminescence device according to the present invention, and various modifications thereof are possible. For example, 
between the organic compound layer(8) and the electrodes (anode and cathode), it Is possbte to dispose an electron 
injection layer (on the cathode side), a hole Injection layer (on the anode side), an insulating layer, an adhesive layer, 
45 or an interference iayer. Further, the hole-trensporting layer 5 can be divided Into two iayera with different Ionization 
potenticds. 

. [0036] The layer comprising the polymerized film of the organic compound having at least two polymerizable double 
bonds can be used to constitute any of the hole-injecting and transporting layer, the election-transporting layer and 
the luminescence layer. However, the polymerized film of the organic compound having at least two polymerizable 
50 double bonds can also be used to constitute such a functional layer, as desired, in connblnallon with a known hole- 
transporting compound, electron-transporting compound or luminescent compound, examples of whteh are enumer- 
ated herelnbelow. 
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Hole-transporting materials (low-molecular weight) 
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Rtibrene Oocooeiie 



preferably the fi-st formed orgariic layer andTe sSdt ed o^^^ rhotetSr't' T 

compound having at least three polymerizable double bonds compnsee a polymeilzed film of organic 

double bonds constitutes at least three organic layers mpuuna naving at least two polymerizable 

resin, methacvlic lesin, butyml resin. Mlwlnyl acSS d^M Sl^Sl POb^rene resin, acrylic 

[0048] On the other hand, as a material for the cathode 4 shown in Fiaures 1 - a Itte nrAterr-n »^ .. ^ . 
small workfunctlon. examples ofwhich may include:metalssud^IsS 

In rganic flim of diamond, metal oxide, metal nitride eto a DoKe^rS^.fHl^^ ""^ ^ 

polyethylen .siflcon resin. polystyrene. SaSaflKwSertl!X^Z^ 
theo^an.lumlnesce,«edev^persew«,;sealJS;:r^ir^^^^ 
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gas-impermeable film, m tal, etc. 

[0051 ] The organic layer in the lumin scence device of the present Inv ntlon can b ffectively fomned through two 
steps of film formation and curing by polymerization, and the resultant organic layer is little liable to cause agglomeration 
r crystallization resulting In defects, so that th luminescence device f th present Inv ntion can exhibit a much 

s higher durability than th c nventionai device. 

[0052] H relnb low,th present invention will be d scribed mor specifically based on Examples. <Synthesis x- 
ample> Synthesis of N,N'-dlphenyl-N,N'-bls(4-vinylphenyl)-4,4'-dlamino-1 ,1-biphenyl (DPDVDAB). 
[0053] Into a flask equipped with a drying tube. 4.6 g of DUf (dimethyiforniamide) was placed and cooled to 0 "C, 
and 27.0 g of phosphoryl chloride was added dropwise thereto. To the resultant solution, 4.B8 g of N.N,N',NMetraphenyl* 

10 4,4*-dlamlno-1 ,t-biphenyl was added, and the mixture was stirred for 5 min. an then heated under reflux for 2 hours. 
The reaction mixture was poured into 200 ml of Iced water, followed by stining for 30 mIn. The resultant precipitate 
solid was filtered out, repetitively washed with water and then dried. The product solid was purified by silica gel column 
chromatography with ethyl-acetate and toluene as developing solvents, followed by condensation and crystallization 
by addition of hexane. The crystal was filtered out and dried to obtain 3.5 g (yield: 65.8 %) of yellow crystal of N,N'- 

is diphenyl-N,N*-bIs(4-formylphenyl)-4,4'-d!amlno-1 ,1-biphenyl. 

[0054] Into a three-necked flask, 5.77 g of triphenylphosphine and 3.1 2 g of methyl iodide was added and stirred for 
30 min. together with 30 ml of Df^F. Too the resultant solution, 3.5 g of the above-prepared N,N*-diphenyi-N,N'-bis 
(4-f ormyiphenyl}-4,4'-diamino-1 , 1 -biphenyi was added, and a solution of 1 .2 g of sodium methoxide in 1 0 ml of methanol 
was added dropwise thereto. After 30 mIn. of stirring at room temperature, the system was further stinred at 80 ^'C for 

20 - 4 hours. The reaction liquid was poured into water and extracted with toluene. The resultant organic phase was washed 
three times with water and then purified by silica gel column chromatography with toluene and hexane as developing 
solvents, followed by condensation and crystallization by addition of hexane, to obtairi 2.33 g (yield: 67.0 %) of N,N*- 
diphenyi-N,N -bi8(4-vinylphenyO-4,4'-dlamino-1 ,1-biphenyl. 

25 Example 1 

[0055] An organic luminescence device of a structure as shown in Figure 2 was prepared In the following manner. 
[0056] A 1 .1 mm-thick glass substrate coated with a 120 nm-th!ck film of ITO (indium tin oxide) fonmed by sputtering 
was successively washed with acetone and isopropyl alcohol (IPA) under applksatlon of ultrasonic wave and then 
30 washed with IPA under boiiirig, followed by drying and cleaning by UV/ozone (Le., Imadiatlon with ultraviolet rays in 
the ozone-containing atmosphere), to obtain a transparent conductive substrate (including a substrate 1 and an ITO 
anode 2 fomied thereon). 

[0057] N,N'-dlphenyl-N,N'-bls(4-vlnylphenyi)-4,4'-dlamlno-l,l'-biphenyi (DPDVDAB) as an organic layer having two 
poiymerizable double bonds was dissolved at a concentration of 1 .0 wt. % in toluene to form a coating liquid. The 

ss coating liquid was applied by spin coating (at 2000 rpm) on the above-treated ITO-coated transparent conductive 
substrate, followed by diying at 60 *C for 1 0 mln. to fomn a film which was then heat-treated at 120 for 1 0 hours in 
a nitrogen atmosphere to fomi a 50 nm-thick polymerized film as a hole-transporting layer (layer 5). 
[0058] Then, the polymerized film was coated by vacuum deposition first with aluminum trisqulnollnoi (Alqg) at a film 
growth rate of 0.3 nm/sec to form a 50 nm-thick electron-transporting luminescent layer (layer 6) and then with Al-U 

40 alloy (Li content = 1 atom %) at a film growth rate of 1 .0 - 1 .2 nm/sc to fomi a 150 nm-metal cathode film 4. thereby 
fomnlng an organic luminescence device having a structure as shown in Rgure 2. The vacuum deposition was respec- 
tively performed at a vacuum of 1 .0x1 0^ Pa. Example 2 

[0059] An ITO-coated transparent conductive substrate identical to the one used in Example 1 was coated with 
DPDVDAB used in Example 1 by vacuum deposition at a film growth rate of 0.3 nm/sec in a vacuum of 1 .0x10"* Pa 
45 to fom) a film thereof, which was then InBdlated with ultraviolet rays for 5 min. and then heat-treated at 120 ""C for 2 
hours to form a 50 nm-thick polymerized film (as a hole-transporting layers). 

[0060] Thereafter, the polymerized film was coated by vacuum deposition successively with a 60 nm-thIck film of 
Alqa (electron-transporting luminescent layer 6) and a 1 50 nm-thick AI-LI aHoy (cathode film 4) similarly as in Example 
1 to form an organic luminescence device having a structure as shown in Figure 2. 

so . 

Comparative Example 1 

[0061] An organic luminescence device having a structure as shown in Figure 2 was prepared in a similar manner 
as in Example 1 except for using N,N'-dlphenyl-N,N'-bis(3-methylphenyl)-4,4'-diamino-1,V-biphenyl instead of DPD- 
S5 VDAB and omitting the poiymertzation heating treatment for f omiing a hole-transporting layer 5. 

[0062] The above-prepared organic luminescence devices of Examples 1 -2 and Comparative Example 1 were sub- 
jected to 1 00 hours of continu us luminescence in vacuum whil applying a DC voltag of 5 volts between the ITO 
an de 2 and the Al-U alloy cathode 4 of each device. The results are inciusiv ly shown in Table 1 below. 
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Example 


Applied vottageOO 


Lumlnanc (cd/m'-^) 


Initial 


After 100 hours 


1 
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5.0 
5.0 
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thacene (in 1 wt. % of BSOXD) wer dissolved In toluene to form a 1.0 wt. %-coating liquid. Th c ating liquid was 
applied by spin coating (2000 rpnn) on the above-fomned hole-transporting layer, f How d by drying at 80 for 3 hours 
and heat-treatment at 120 *'C for B hours respectively in a nftrog n atmosph re, to fonn a 50 nm-thick polymerized 
film( lectron-transp rtinglumin scent lay r6). 
5 [0076] Then , the polym rized film was coated with a 200 nm-thick cathode film of Mg/Ag alloy (9/1 by w Ight) by co- 
vacuum deposition at a film growth rate of 1 .0 - 1 .2 nm/sec in a vacuum of 1 .0x1 0^ Pa to forni an organic luminescence 
device having a structure as shown in Figure 2. 

[0077] The device was driven by applying a DC voltage of 10 volts between the ITO electrode 2 and the Mg/Ag- 
cathode. whereby a current of 31 0 mA/cm^ was flowed to exhibit yellow luminescence at a luminance of 42500 cd/nn^. 

10 

Example 7 

[0076] N,N»N',N'-tetrakIs[3-vinylphenyQ'4,4'-dlamino>1 ,1'-biphenyl (TBDAB) and benzoyl peroxide (In 2 wt. % of TB- 
DAB) were dissolved In toluene to fomn a 1 .0 wt %-coatlng liquid. The coating liquid was applied by spin coating (2000 
15 rpm) on an ITO-coated transparent conductive substrate Identical to the one used In Example 1 , followed by drying at 
80 ''C for 10 min. and heat-treatment at 120 for 8 hours, respectively in a nitrogen atmosphere, to form a 55 nm- 
thick polymerized film (hole-transporting layer 5). 

[0079] Then, 4,4'-bis[2-phenyl-2-(4-methacrytoyloxyphenyONinyM,r-biphenyl (DPDI\/IVB) and 5.11-dlphenyl- 
6,12-bis(4-vlnylphenyl)naphthacene (in 1 wt. % of DPDMVB) were dlssoh^ed fn toluene to form a 0.2 wt. %-coating 
^ liquid. The coating liquid was applied by spin coating (2000 rpm) on the above-fomned hole-transporting layer, followed 
by drying at 80 for 3 hours and heat-treatment at 1 20 for 8 houiB to fomn a 15 nm-thick polymerized film (lumi- 
nescent layer 3). 

[0080] Then, 1 ,3,5-tris(4-vinylphenyl-1 ,3,4-oxadiazoyl)berizene was dissolved in toluene to forni a 0.3 virt %-coatlng 
liquid. The coating liquid was applied by spin coating (1500 rpm) on the above-formed luminescent layer, followed by 
25 drying at 80 ""C for 3 hours and heat-treatment at 1 20 *C for 8 hours to form a 35 nm-thIck polymerized film (electron- 
transporting layer 6). 

[0081] Then, the polymerized film was coated with a 0.3 nm-thIck lithium fluoride film and then witii a 200 nm-thIck 
Al cathode film by vacuum deposition at a film growtii rate of 1 .0 • 1 .2 nm/sec In a vacuum of 1 .0x10*^ Pa to fonm an 
organic luminescence device having a structure as shown in Rgure 3. 
so [0082] The device was driven by applying a DC voltage of 1 3 volts between the ITO electrode 2 and the Al-cathode, 
whereby a current of 530 mA/cm^ was flowed to exhibit red luminescence at a luminance of 26000 cd/m^. Further, the 
device was continuously driven at a constant cun-ent of 50 mA/cm^ whereby an initial luminance of 2500 cd^^ was 
only changed to 2450 cd/m^ after 500 hours, thus showing a very small luminance lowering. 

35 Example 8 

[0083] The process of Example 7 was repeated up to tiie fomnatlon of the 55 nm-thick hole-transporting layer. 
[0084] Then, DPDI\4VB used In Example 7 and Nile Red (in 1 wt. % of DPDI^VB) were dissolved In toluene to fomi 
. a 0.2 wt. %-coating liquid. The coating liquid was applied by spin coating (2000 rpm) on the above-fomied hole-trans- 
40 porting layer, followed by drying at 80 ""C for 3 hours and heat-treatment at 1 20 ''C for 8 hours respectively in a nitrogen 
atmosphere, to fomn a 15 nm-thlck polymerized film (luminescent layer 3). 

[0085] Then , the polymerized film was coated witii a 40 nm-thlck layer of aluminum quinoilnoi (Mq^) (electron-trans- 
porting layer 6). 

[0086] Thereafter, the electron-transporting layer 6 was coated wfth a 0.3 nnvthlck lithium fluoride layer and a 200 
45 nm-thlck Al cathode film 4 slmilariy as in Example 7 to form an organic luminescence device having a structure as 
shown In Figure 3. 

[0087] The device was driven by applying a DC voltage of 1 3 volts between the ITO electrode 2 and the Al-catiiode, 
whereby a current of 930 mA/cm^ was flowed to exhibit yellow luminescence at a luminance of 139000 cd/m^. Further, 
the device was continuously driven at a constant cunrent of 50 mA/cm^ whereby an Initial luminance of 3100 cd/hn^ 
so was only changed to 2950 cd/nri^ after 500 hours, thus showing a very small luminance lowering. 

[0088] An organte luminescence device capable of iuminescence at a high efftelency, a high luminance and high 
durability Is formed by a pair of electrodes comprising an anode and a cathode, and at least one organic layer disposed 
between the electrodes. The at least one organic layer Includes at least one layer comprising a polymerized film of 
organic layer having at least two polymerizabie double bonds. 
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Claims 

1. An organic luminescence d vice, comprising: a pair of electrodes comprising an anode and a cathod , and at least 

n rganlc layer disposed between th lectrodes, wherein said at least one organic lay r Includes at least on 
layer comprising a polymerized film f organic compound having at least two polymerizable doubi bonds. 

2. A luminescence device according to Claim 1 , wherein said polymerizable double bonds comprise a carbon-to- 
carbon double bond. 

3. A luminescence device according to Claim 2, wherein said carbon-to-carbon double bond Is an optionally substi- 
tuted vinyl group, or an optionally substituted (meth)acrylate ester group. 

4. A luminescence device according to Claim 1 , wherein said organic conripound having at least two polymerizable 
double bonds Is a hole-transporting compound, an electron-transporting compound or a luminescent compound. 

5. A luminescence device according to Claim 1 , wherein said organic compound having at least two polymerizable 
double bonds is a hole-transporting luminescent compound or an electron-transporting luminescent compound. 

6. A luminescence device according to Claim 1 , wherein said organic compound having at least two polymerizable 
double bonds is a luminescent compound having also hole-transporting and electron-transporting functions, 

7. A luminescence device according to Claim 1 . wherein said polymerized film has been obtained by curing a film of 
said organic compound having at least two polymerizable double bonds formed by solution coating thereon by 
irradiation with actitinic light, heat or electron ray. 

8. A luminescence device according to Claim 1 . wherein said at least one organic layer comprises at least two suc- 
cessively formed organic layers, to which a first fomned organic layer comprises said polymerized film of organic 
compound having at least two polymerizable double bonds. 

9. A luminescence device according to Claim B, wherein said at least two successively formed organic layers Include 
■ a first formed organic layer and a second fomied organic layer both comprising said polymerized film of organic 

compound having at least two polymerizable double bonds. 

10. A luminescence device according to Claim 8 or 9, wherein said first fonned organic layer comprises a polymerized 
film of organic compound having at least three polymerizable double bonds. 

11. A luminescence device according to Claim 1, wherein said at least one organic layer comprises at least three 
* organic layers each comprising said polymerized film of organic compound having at least two polymerizable 

double bonds. 

12. A process for producing an organic luminescence device of the type comprising a pair of electrodes comprising 
" an anode and a cathode, and at least one organic layer disposed between the electrodes, said process comprising: 

a step of fomiing a film of organic compound having at least two polymerizable double bonds by application 
of a solution of the organic compound having at least two polymerizable double bonds, and 
a step of curing the film by irradiating the film with actinic light, heat or electron ray to polymerize the organic 
compound, thereby providing at least one of said at least one organic layer. 
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